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(54) EVALUATION APPARATUS FOR SURFACE OF PISTON 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an evaluation apparatus which 
can correct the lightness properly according to an imaging 
environment and to the shape of a piston by installing a data 
correction means which corrects image data to be input by a data 
input means and a data processing means which evaluates the 
surface of the piston. 

SOLUTION: The evaluation apparatus is provided with a data input 
means 1 which picks is the images of the side face of a piston and 
with a data correction means 10 which corrects image data to be 
input by the means 1. It is provided with a data processing means 2 
which evaluates the surface of the piston on the basis of the image 

data corrected by the means 10. In addition, it is provided with a ^ >-^=%^.>'i£I 

histogram computing part 12 which computes the histogram of the 
image data to be input from the means 1, with a level computing part 
14 which computes the gradation value of a pixel in a definite number 
from the maximum value of gradation value on the basis of computed 
histogram information so as to be regarded as an upper-end 
gradation value and which computes the gradation value of a pixel in 
a definite number from the minimum number of a gradation value so 
as to be regarded as a lower-end gradation value and with a data change part 1 6 which changes the image 
data. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A data input means to picturize the side face of a piston, and a data correction means to amend 
the image data inputted by this data input means. In piston surface evaluation equipment equipped with a 
data-processing means to perform surface evaluation of said piston based on the image data amended by 
this data correction means The histogram calculation section in which said data correction means computes 
the histogram of image data inputted from said data input means, While a gradation value computes the 
gradation value of the pixel of eye a fixed number of individuals as an upper limit gradation value from the 
pixel of maximum based on the histogram information computed by this histogram calculation section The 
amendment level calculation section in which the gradation value concerned computes the gradation value of 
the pixel of eye a fixed number of individuals as a lower limit gradation value from the pixel of the minimum 
value. Piston surface evaluation equipment characterized by having the data modification section which 
changes said image data so that it may become the gradation of a predetermined number In the range from 
said upper limit gradation value outputted from this amendment level calculation section to said tower limit 
gradation value. 

[Claim 2] It has the color picture input section in which said data input means outputs the image data which 
picturized said piston front face according to RGB. Said amendment level calculation section is equipped with 
the common amendment level calculation function which computes the upper limit gradation value and lower 
limit gradation value in the whole image data according to said RGB. Piston surface evaluation equipment 
according to claim 1 characterized by having the uniform modification function in which said data modification 
section changes said image data based on the common amendment level computed by said common 
amendment level calculation function. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to piston surface evaluation equipment, and relates to the 
piston surface evaluation equipment which performs evaluation of the wear condition on the front face of a 
piston, or dirt evaluation on the front face of a piston by the image processing especially. 
[0002] 

[Description of the Prior Art] Conventionally, hit evaluation (wear situational test) of a piston was performed 
by viewing, or it was carried out by the detailed survey of a required part. Especially to engine seizure, a hit 
of a piston is foreknown in advance, is an important element for determining the profile of a piston, and is fed 
back to the design of a piston. 

[0003] Moreover, the same applicant applies for the technique of performing wear situation evaluation by the 
image processing (for example, Japanese Patent Application No. No. 54460 [ six to ]). The hit evaluation by 
the image processing evaluates the strength of a hit by the residue paying attention to the processing slot 
generated in the creation time of a piston. 

[0004] Since the cutting tool at the time of processing of a piston is using the same thing, in one piston, the 
processing depth of flute is almost uniform, to this uniform processing slot, if an engine is actually operated, a 
piston and a cylinder will rub — a piston — hitting (wear) — being generated — that strength — the 
processing depth of flute — shallow — becoming — just — being alike — the processing slot itself will be 
worn out and lost. Therefore, the strength of a hit can be presumed by measuring the residue of this 
processing slot. 

[0005] With conventional piston surface evaluation equipment, according to the correction factor for which it 
asked in advance, amendment of the picturized image adjusted the diaphragm of a camera part, and was 
adjusting the brightness of data. Moreover, defining a correction factor according to the class of piston of the 
measuring object was also performed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, whenever it incorporates data, in order to perform 
drawing adjustment of the camera section in the above-mentioned conventional example, it did not become 
perfect automation and was not the general user sense. Moreover, since diaphragm adjustment needed to be 
too performed in order to ask for the correction factor of the piston of a new species also when asking for a 
correction factor for every class of piston, similarly it was not the general user sense. 
[0007] Furthermore, with piston surface evaluation equipment, the color line sensor and the straight pipe 
fluorescent lamp of a RF are used. However, the fluorescent lamp does not have sufficient die length from 
constraint of the magnitude of equipment to the whole piston. For this reason, the center section of the 
sensor becomes brighter than both ends, and the ununiformity of brightness arises. This ununiformity is 
canceled, white is the brightest, and data are amended in order to make it the data that black is the darkest. 
Therefore, a correction factor is created due to 1 to 1 to each component of CCD. 

[0008] Conventionally, two approaches were taken. The 1st is an approach to which hardware gain is applied 
in the amplifier section, before carrying out A/D conversion of the signal from a CCD sensor. This approach 
was performed by operating the variable resistance on the A/D board in equipment. 

[0009] By this technique, it is for setting the initial gain by the balance of each component of R, G, and B of a 
CCD sensor, and the difference in the charge time amount of a CCD sensor as the beginning, and once it 
sets up, it will usually become the thing of immobilization. 
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[0010] The 2nd is an approach to which software gain is applied, when changing into the data for evaluation 
the data incorporated by the memory in equipment. By this technique, while a degree of freedom is large to a 
setup of gain, it must ask for a correction factor in advance. In order to evaluate by the data for evaluation 
changed with this correction factor, in piston surface evaluation, this correction factor has very important 
semantics. 

[001 1] Drawing 16 thru/or drawing 19 are the explanatory views showing an example of the data correction 
technique by conventional piston surface evaluation equipment. 

[0012] When taking a white balance first, asking for a correction factor and incorporating the data of a piston 
conventionally, the diaphragm of the camera section was adjusted, or the correction factor was file-ized, and 
was saved according to [ various ] the piston, and it was amending by reading if needed so that data might 
become effective brightness. 

[0013] By drawingj_6 , an axis of abscissa expresses the location of a CCD sensor component with it, and 
the axis of ordinate shows the lightness which is the output of a sensor by it. "Black" in drawing shows the 
output of the sensor for black criteria, and the continuous line shows the sensor output "DATA1 [n]" for 
white criteria. Conventionally, it asked for the correction factor "Hosei [n]" to CCD each component, and 
data were changed from the data of these white criteria, and the data of black criteria by the degree type (1 ). 

[0014] 

DATA2[n] =(DATA1[n]-Black) xHosei[n]/Base ... Formula (1) 

It is here and is Base=255/(White-Black) [0015]. That is, lightness by the location of a CCD sensor 
component is amended by Hosei [n]. Data conversion of the value of Base was calculated and carried out so 
that between Black-White might become 256 gradation. 

[001 6] Drawin g 1 7 thru/or drawin g 19 are the histograms of the incorporated data and the data after 
conversion. An axis of ordinate is frequency and an axis of abscissa is lightness. However, since drawing 
shown in (A) in drawing 1 7 thru/or drawin g 19 is data before conversion, respectively, lightness is "0-4095" 
and drawing shown in (B) in drawin g 17 thru/or drawin g 19 is after conversion on the other hand, it is 256 
gradation and lightness is "0-255." 

[0017] By amendment as it is, in the case of a whitish piston as shown in draw ing 17 (A), as shown in drawing 
1 7 (B), data conversion can be performed, and it can evaluate it by this amendment approach. 
[0018] However, even if it changes in the case of a blackish piston as shown in drawin g 18 (A), as shown in 
drawing 1 8 (B), a useless part is large and it has influence on evaluation precision. Moreover, only by the 
whole moving to the brighter one, as a diaphragm is adjusted and it is shown in drawin g 19 (A), even if it 
shifts data to the brighter one, as the data after conversion are also shown in drawin g 19 (B), a useless part 
is large. 

[001 9] Moreover, by this approach, whenever it took the data of the piston of a different class, diaphragm 
ac(justment needed to be performed, or the correction factor needed to be created, and the ease of use of 
equipment was checked. 
[0020] 

[Objects of the Invention] This invention improves un-arranging [ which the starting conventional example 
has ], and sets it as the purpose to offer the piston surface evaluation equipment which can amend suitable 
lightness especially according to an image pick-up environment or the configuration of a piston. 
[0021] 

[Means for Solving the Problem] So, in this invention, it has a data input means to picturize the side face of a 
piston, a data correction means to amend the image data inputted by this data input means, and a data- 
processing means to perform surface evaluation of a piston based on the image data amended by this data 
correction means, as the 1st means. And the histogram calculation section in which a data correction means 
computes the histogram of image data inputted from the data input means. While a gradation value computes 
the gradation value of the pixel of eye a fixed number of individuals as an upper limit gradation value from the 
pixel of maximum based on the histogram information computed by this histogram calculation section It had 
the amendment level calculation section in which the gradation value concerned computes the gradation 
value of the pixel of eye a fixed number of individuals as a lower limit gradation value from the pixel of the 
minimum value, and the data modification section which changes image data so that it may become the 
gradation of a predetermined number in the range from the upper limit gradation value outputted from this 
amendment level calculation section to a lower limit gradation value. 
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[0022] With this 1st means, a data input means picturizes a piston side face, and inputs into a data correction 
means the image data which is the expansion image of the piston side face concerned. With a data correction 
means, the histogram calculation section computes the histogram of the image data concerned first. 
Furthermore, the amendment level calculation section computes the amendment level for amending the 
lightness of the image data concerned. 

[0023] Specifically, the histogram of image data is computed first. Based on this histogram, it begins to count 
from the pixel of the maximum of a gradation value, and the pixel of eye a fixed number of (m pieces) 
individuals is detected, and let the gradation value of this detected pixel be an upper limit gradation value. 
Furthermore, the gradation value of a fixed number of (n pieces) eyes is taken out from the minimum value of 
the gradation value of the image data concerned, and let this be a lower limit gradation value. Subsequently, 
the data modification section changes the image data concerned so that It may become the gradation of the 
predetermined number which the data-processing section requires In the range from the upper limit gradation 
value concerned to a lower limit gradation value, for example, 256 gradation. 

[0024] The data-processing section performs wear of a piston, and evaluation of dirt based on the image data 
as which change of lightness was emphasized with a data correction means. 

[0025] With the 2nd means, it adds to the matter which specifies the 1 st means. A data input means It has 
the color picture input section which outputs the image data which picturized the piston front face according 
to RGB. The amendment level calculation section was equipped with the common amendment level 
calculation function which computes the upper limit gradation value and lower limit gradation value in the 
whole image data according to RGB, and it had the uniform modification function to change Image data based 
on the common amendment level on which the data modification section was computed by the common 
amendment level calculation function. 
[0026] RGB Is red (R), green (G), and blue (B). 

[0027] With this 2nd means, Image data Is inputted according to RGB from the color picture Input section. 
Then, the amendment level calculation section calculates an upper limit gradation value from the largest 
gradation value among the maximum gradation values of each image data according to RGB, and calculates a 
lower limit gradation value similarly (common amendment level calculation function). 

[0028] Furthermore, the data modification section performs data conversion for each image data according to 

RGB based on common amendment level (uniformly modification function). For this reason, emphasis of the 

difference of lightness Is performed, without producing change of a color tone. 

[0029] This Invention tends to attain the purpose mentioned above with each of these means. 

[0030] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this Invention Is explained with reference 
to a drawing. 

[0031] Prawing_t is the block diagram showing the configuration of the piston surface evaluation equipment 
by this invention. Piston surface evaluation equipment is equipped with a data input means 1 to picturize the 
side face of a piston, and a data correction means 10 to amend the image data (DATA1 [n]) inputted by this 
data input means 1 . And it has a data-processing means 2 to perform surface evaluation of a piston based on 
the image data (DATA2 [n]) amended by this data correction means 10. 

[0032] Furthermore, the histogram calculation section 12 in which the data correction means 10 computes 
the histogram of image data (DATA1 [n]) inputted from the data input means 1 as shown in dr aw ing 2 , While 
computing the gradation value of the pixel of a fixed number of individual (m pieces) eye from the maximum 
(max) of a gradation value based on the histogram information computed by this histogram calculation section 
12 and making this into an upper limit gradation value (WJev) The amendment level calculation section 14 
which computes the gradation value of the pixel of a fixed number of individual (n pieces) eye as a lower limit 
gradation value (BJev) from the minimum value (min) of the gradation value concerned, It has the data 
modification section 16 which changes image data so that It may become the gradation of a predetermined 
number in the range from the upper limit gradation value (WJev) outputted from this amendment level 
calculation section 1 4 to a lower limit gradation value (BJev). 
[0033] This is explained to a detail. 

[0034] Hit (wear) evaluation of a piston is performed with this operation gestalt. This measures whenever 
[ wear / of a piston ] based on the wave-like configuration which shows the lightness of image data (DATA), 
as shown in drawin g 3 . 

[0035] Here, data are amended before measurement of whenever [ by this Image data (DATA) / wear ]. the 



http://www4.lpdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



2007/09/19 



JP.09-1Z7008.A [DETAILED DESCRIPTION] 



4/8 ^—i> 



lightness level (BJev) of the minimum gradation value of the data picturized as shown in drawmg 4 thru/or 
dravying 5 to the n-th pixel, and lightness level of maximum to the m-th pixel (WJev) from — data are 
amended. The amendment level calculation section 14 counts the pixel of a fixed number of individuals (m 
pieces) from the maximum (max) of a histogram, and computes an upper limit gradation value (WJev). These a 
fixed number of individuals are parts shown by hatching in drawin g 4 (A). Similarly, counting of the pixel of a 
fixed number of individuals (n pieces) is carried out from the minimum value (min), and a lower limit gradation 
value (BJev) is determined. 

[0036] The data modification section 1 6 performs data conversion by the degree type (2) based on such 

lightness level. 

[0037] 

DATA2[n] =(DATA1 [n]-BJev) xHosei[n]/Base2 ... Formula (2) 

It is here and they are 2— 255/(WJev~BJev) [0038] of Base(s). Lightness by the location of a CCD sensor 
component is amended by Hosei [n], and data conversion of Base2 is calculated and carried out so that 
between WJev-BJev may become 256 gradation. 

[0039] As shown in drawin g 4 (C), in order to search for the conversion gain when changing into 256 
gradation from 4096 gradation based on BJev and W_lev, the data after amendment turn into data without a 
useless part. 

[0040] Furthermore, since BJev and WJev are calculated from the actually incorporated data, unlike Black 
and White which had been calculated in advance (refer to draw ing 4 (B)), they can utilize data effectively. 
[0041] The example in the case of the blackish piston offset by a blackish piston and a blackish diaphragm is 
shown in drawing 5 (A) - (D). 

[0042] Moreover, since it excels from an actual image under the effect of a noise and a large thing and a 
small thing exist, if the maximum and the minimum value of the incorporated data are keep as BJev and WJev 
by make these into image data as it is, they will serve as data containing an invalid part, but with this 
operation gestalt. since lightness level is define by "m" and "n", it does not produce such un-arrange. With 
this operation gestalt, since WJev is defined based on the number of pixels from max even if it is the case 
where Noise S arises, as shown in drawing 5 (E), amendment level effective in amendment processing can be 
computed by being stabilized. 

[0043] Moreover, in surface evaluation of a piston, since the data of middle lightness have important 
semantics, bright data seldom have semantics above to some extent. 

[0044] Although "n" which defines BJev, and "m" which defines W_lev are arbitrary, this numeric value is a 
number of% of data, and the image data after conversion is decided. Although the data of middle lightness are 
reproduced more for m and n by the detail when many, the dynamic range of an image falls. On the other 
hand, although, as for the resolving power of the data of middle lightness, m and n fall in being few, the 
repeatability of the data of breadth and light and darkness with a large dynamic range becomes good. 
[0045] Thus, since the histogram of the incorporated data is created, BJev and WJev are defined by m and n 
from the data and data conversion Is performed, by the conventional technique, the useless part can be 
removed, the data of middle lightness effective in evaluation can be changed more into a detail, and, 
moreover, improvement in evaluation precision can be expected. Moreover, satisfactory, once it sets up these 
values, unlike the conventional technique, the data of middle lightness are effectively utilizable at the piston 
of the same class, even if it is BJev and WJev which will be the requisite for amendment, and the value with 
each same value of Base2. 

[0046] Next, the case of dirt evaluation is explained to an example. 

[0047] In dirt evaluation, the example mentioned above is estimating with color data, although the amendment 
approach for monochrome data was explained. The amendment to color data is fundamentally the same as 
amendment of monochrome data. However, evaluation will be affected if the color-balance of data is out of 
order by amending in the case of color data. 

[0048] For this reason, let amendment to red (R), green (G), and color data with a blue (B) histogram be a 
correction factor common to R, G, and B with this operation gestalt. While after amendment had maintained 
the color-balance by carrying out like this, the resolution of neutral colors effective in evaluation can be 
raised. 

[0049] Drawing 6 is the block diagram showing the configuration which amends color data. It has color picture 
input section 1A by which the data input means 1 outputs the image data which picturized the piston front 
face according to RGB. The amendment level calculation section 14 is equipped with common amendment 
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level calculation function 14B which computes the upper limit gradation value and lower limit gradation value 
in the whole image data according to RGB. And it had uniform modification function 1 6C by which the data 
modification section 16 changes image data based on the common amendment level computed by the 
common amendment level calculation function. 

[0050] Drawing 7 is drawing showing an example of color-data amendment with the configuration shown in 
d rawi ng 6 . As shown in drawin g 7 , in the case of color data, the data according to RGB are inputted. In the 
example shown in drawin g 7 , it is made bright data in order of R, G, and B for explanation. For this reason, 
since the brightest gradation value is included in blue (B) data as shown in drawi ng 7 (C), common 
amendment level calculation function 14B computes an upper limit gradation value (WJev) from blue (B) data. 
Moreover, since the darkest data are contained in red (R), common amendment level calculation function 14B 
computes a lower limit gradation value (BJev) from red (R) data. 

[0051] Subsequently, modification function 160 changes the gradation of each image data uniformly based on 
this upper limit gradation value (WJev) concerned and a lower limit gradation value (BJev). For this reason, 
amendment which emphasizes lightness change can be performed, without changing a color-balance. 
[0052] Moreover, by the actual piston Image, except for the case of being special, since there are many 
colors of a gray system, most useless parts as the histograms of each color not greatly differed as shown in 
an explanatory view, and shown in drawin g 7 are lost. 

[0053] Since it is asking for the correction factor from the histogram of the actually incorporated data 
instead of the correction factor set up in advance according to this operation gestalt as mentioned above, 
degrees of freedom, such as amendment which can utilize data effectively without futility and which 
reproduces more large amendment of a dynamic range and the specific lightness range for data to high 
degree of accuracy by the setting approach of the threshold when asking for a correction factor further, are 
large. 

[0054] Therefore, the data correction of middle lightness required for evaluation can carry out good, and 
improvement in evaluation precision can be expected. 

[0055] Next, the whole piston surface evaluation equipment configuration is explained with reference to 
drawing 8 thru/or drawin g 15 . Invention and the outline which the contents were indicated to Japanese 
Patent Application No. No. 078249 [ seven to ] which applied previously are the same. In the example shown 
in drayying 8 , the data correction means 10 is carried out as one function of 0PU19. 

[0056] Drawing 8 is the block diagram showing the outline configuration of the hardware resources of piston 
surface evaluation equipment. The data input means 1 is equipped with the piston image pick-up section 22 
which picturizes a piston, the stage control section 21 which carries out drive control of this piston image 
pick-up section 22. and the data input section 20 inputted into the data-processing means 2 after 
accumulating temporarily the image data which the piston image pick-up section 22 picturized. 
[0057] The piston image pick-up section 22 is equipped with the motor 35 grade for rotation stages which 
carries out the rotation drive of the OOD sensor 38 which carries out photo electric conversion of the 
reflected light from a piston 32, the rotation stage base 33 made to rotate a piston 32, and this rotation stage 
base 33. 

[0058] The stage control section 21 is equipped with Motor Driver 56 which controls actuation of the motor 
35 for rotation stages, and the OOD driver 61 which outputs the signal by which photo electric conversion 
was carried out by carrying out drive control of the OOD sensor 38 to the data input section 20. Only the 
angle of rotation which suited the piston diameter based on the rotation demand from the data-processing 
means 2 on the occasion of data incorporation rotates [ Motor Driver / 56 ] the rotation stage base 33. It is 
calculated by the data-processing means 2, the pulse for an angle of rotation to Motor Driver 56 is sent, and 
an angle of rotation drives the motor 35 for rotation stages. 

[0059] The data input section 20 is equipped with A/D converter 29 which changes the signal from the COD 
driver 61 into digital data, and the memory 28 which memorizes the image data from this A/D converter. 
Memory 28 is set to 4 M bytes of SRAM so that data gone around can be held. The expansion image (image 
data) of the piston side face stored in memory 28 is accessed from a data-processing means 2 to perform 
wear situation evaluation or dirt evaluation of a piston. 

[0060] The data-processing means 2 consists of what added the PIG board for Interfaces, and the image 
board for full color processing (frame buffer) to the personal computer (PC) in this example. The data- 
processing means 2 is equipped with PI023 used as the interface of transmission and reception of data with 
the data input means 1, CPU 19 which performs step S4, and the input section 25 which receives the input of 
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the width-of-face information b on a processing slot etc. as a configuration. The processing time of the data- 
processing means 2 changes with throughputs of PC. 

[0061] Moreover, about the evaluation of a piston side face performed with the data-processing means 2, the 
means which carries out the display output of the evaluation result is needed. This evaluation result output 
means 3 performs preservation of the data of an evaluation result, and the display output of an evaluation 
result. Various things can be considered on the disk 26 for saving the evaluation result. Here, for a large 
[ image data ] reason, only number data can be saved in one usual floppy disk. On the other hand, the 
preservation effectiveness of data can be gathered by using a hard disk, a high density floppy disk, a 
magneto-optic disk, etc. 

[0062] If only a numeric value is outputted about the output of an evaluation result, the usual printer is 
enough, but in order to output image data, the printer 18 of full color correspondence is needed. Therefore, 
processing software is made to correspond with them as what is determined according to an application. 
[0063] Djawing 9 is the block diagram showing the detail configuration of the data input section 20. The data 
input section 20 is equipped with the amplifier (AMP) 50 which amplifies the analog signal according to RGB 
which the CCD sensor 38 outputted based on control of the CCD driver 61, respectively, and the multiplexer 
51 which changes the output of the analog signal from amplifier 50 based on the MODE signal and REQ signal 
from PI023. 

[0064] Furthermore, the data input section 20 is equipped with the address counter 53 which specifies the 
address of A/D converter 29 which changes the analog signal from this multiplexer 51 into a digital signal, 
RAM54 which memorizes the digital data (image data) which this A/D converter 29 outputted, and RAM54 
concerned at the time of memorizing the data outputted from A/D converter 29, and the bus controller 55 
which controls the access privilege to RAM54 based on a #BUS.CTL signal. In this example, PI023 and A/D 
converter 29 access based on a setup of this access privilege to RAM54. 
[0065] The specification of each signal line in drawing is as follows. 

MODE: Since this data input means 1 has the composition of being used for hit evaluation and dirt evaluation 
of a piston, it needs to change hit evaluation and dirt evaluation. That is, at the time of dirt evaluation, it is 
data incorporation R->G->B->R-> — The signal from the CCD sensor 38 is read in order, and the data for 
one line are sent to A/D converter 29. Moreover, the signal of R is divided into R and G at the time of hit 
evaluation, and it is R->G->R->. — The signal from the CCD sensor 38 is read in order, and the data of ODD 
of one line and EVEN are sent to A/D converter 29. It is a change signal for these. (L: Dirt, H:hit) 
[0066] # BUS.CTL : It is the signal which changes the writing to RAM54 on the memory board 28, and the 
access privilege of reading. It writes in at the time of the image pick-up of a piston 32, and carries out by 
being good, and the data input means 1 controls about the writing of the data to RAM54. At the time of data 
processing, such as dirt evaluation, it is separated in the data input means 1, the data-processing means 2 
controls, and RAM54 performs access to data in the condition for which reading of data and writing are good. 
(L: The data input means 1 controls RAM54, and control and H:data-processing means 2 control RAM54) 
[0067] DATA: 16-bit data are treated with a data bus. 

ADR: With an address bus, in order to treat 4 M bytes of data address, 24 bits is used. 
STAT: H is outputted during activation of A/D conversion. 
REQ : H is outputted during measurement. 

DIR: The access approach of the data from the PC side to RAM is determined, (reading [ H : ] L: writing) . 
R/W: The timing of the writing of the data from the PC side to RAM is shown. (L: Write in DATA by write-in 
initiation in the meantime) 

[0068] Drawing 10 is the explanatory view showing the detail configuration of the stage control section 21. 
The stage control section 21 is equipped with Motor Driver 56 which carries out drive control of the motor 35 
for rotation stages, and the CCD driver 61 which carries out drive control of the CCD sensor 38. Motor 
Driver 56 is controlling the motor 35 for rotation stages by the following signal. 
[0069] PLUS: The rotation pulse of a stepping motor is outputted. 
DEF : A hand of cut is specified. 

H. OFF: The current at the time of a motor halt is omitted. 

TIM: Timing output signal of a motor. 

O.H: The overheat output signal of a motor. 

[0070] The LATCH signal is used for the CCD driver 61 when changing the storage time of the CCD sensor 
38. (L: Initial value 
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[0071] Moreover, the stage control section 21 is equipped with the first stage sensor 58 which detects the 
home position of the rotation stage base 33. the second stage sensor 59 which distinguishes the class of 
piston fixture 31, and the lock sensor 57 which detects the condition of the camera lock device 30. About 
these various sensors, it changes with configurations of the piston image pick-up section 22. 
[0072] Drawing 1 1 is the front view showing the configuration of the piston image pick-up section 22 by this 
example. The piston image pick-up section 22 is equipped with the piston fixture 31 which receives wearing 
of a piston 32, the rotation stage base 33 which this piston fixture 31 fixes, the motor 35 for rotation stages 
which carries out the rotation drive of this rotation stage base 33, the camera 36 which has a lens 37 and the 
CCD sensor 38, and the justification shaft 41 which adjusts the distance to the piston 32 fixed to the piston 
fixture 31 from this camera 36. 

[0073] And it has the hauling spring 39 for cameras which energizes a camera 36 to the piston fixture 31 
side, and the sliding member 40 which is located in the piston fixture 31 side of the justification shaft 41, and 
contacts the piston fixture 31 concerned. Here, this sliding member 40 is used as the bearing for rotation 
which contacts the piston supporter 31 B side face of the piston fixture 31. 

[0074] Drawin g 12 is the top view showing the configuration of the piston image pick-up section 22 shown in 
drayyiogJ l • if the camera 36 is located on the slide rail 42 on the base 43 and is lengthened with the hauling 
spring 39 for cameras at a piston 32 side (the direction of sign A of drawin g 12 ), it will move in this slide rail 
42 top. Therefore, migration of a camera 36 turns into rectilinear motion. Moreover, a camera 36 stops by 
camera forefront location 42A irrespective of the piston fixture 31. 

[0075] The distance from the piston front face of a camera 36 always becomes fixed irrespective of the size 
of the diameter of a piston 32. That is, the camera 36 is always pulled by the hauling spring 39 for cameras at 
the piston side (the direction of sign A of dra wing 1 2 ). and since the piston fixture 31 and the bearing 40 for 
rotation have touched even if a piston 32 rotates during measurement, the distance of a piston 32 and a 
camera 36 becomes fixed. Furthermore, even if the diameter of a piston 32 changes, the distance between a 
piston 32 and a camera 36 can be kept constant by exchanging the piston fixture 31 for the thing according 
to the diameter of the new piston 32. 

[0076] The camera lock device 30 which locks the location of the camera concerned back through the link 
mechanism section 47 in the opposite direction of a piston 31 is formed in the camera 36. In this example, 
the camera 36 is always pushed against the piston fixture 31 through the justification shaft 41 with the 
hauling spring 39 for cameras. Therefore, in order to picturize the new piston 32, to exchange the piston 
fixture 31, and when moving the piston image pick-up section 22, it is necessary to lower a camera 36 back 
(the direction of sign B in d rawin g 12 ). The lock device 30 of a camera has realized this. 
[0077] The lock device 30 of a camera is equipped with the monotonous link mechanism section 47 which the 
end fixed to the camera 36 free [ rotation ], the handle 46 which lowers a camera back In rotation, the 
rotation plate 48 which rotates along with this handle 46, and plate 47B to which it follows in footsteps of this 
rotation plate 48, and the link mechanism section 47 is moved back as shown In draw ing 1 1 and drawjngJJ! . 
[0078] And the receptacle holes 48A and 48B of the ball blunger 49 are established in the rotation plate 48, 
respectively. The receptacle holes 48A and 48B of this ball blunger 49 are formed corresponding to the lock 
location of a camera 36, and the camera location under piston image pick-up. 

[0079] At the time of piston measurement (at the time of the image pick-up of the expansion image of a 
piston side face), the rotation plate 48 wins popularity by the ball blunger 49, and is being fixed in the location 
of hole 48A. At this time, that location gets mixed up with the diameter of the piston [ camera / 36 ] fixture 
31 according to the diameter of a piston 32. However, it will be in a free condition from a lock device by play 
partial 47A of the link mechanism section 47, and a camera location will be determined by the hauling spring 
39 for cameras, and the justification shaft 41. 

[0080] However, in case the piston fixture 31 is exchanged, a camera must be lowered in the direction of the 
sign B of dr aw i n g 12 . Then, the rotation plate 48 is rotated in the direction of the sign F in drawi ng 12 by the 
handle 46, and the rotation plate 48 is locked by doubling with the ball blunger 49 by receptacle hole 48B. 
Then, a camera 36 moves in the direction of the sign B in dr awin g 12 through a link mechanism 47, and 
exchange of breadth and the piston fixture 31 of spacing of the justification shaft 41 and the piston fixture 31 
is attained. 

[0081] Drawing 1 3 is the sectional view showing the condition that the piston 32 was installed in the piston 
fixture 31. The piston fixture 31 is equipped with piston set section 31 A which is located in the end of 
cylinder-like piston supporter 31 B and piston supporter 31 B with the piston 32 and the diameter of said to 
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fix, and receives wearing of a piston. Piston supporter 31 B is constituted so that it may become the same as 
that of the diameter of the piston 32 which the diameter tends to picturize. 

[0082] The imaginary line in drawing 13 shows the piston 32, and if a piston 32 is installed in piston set 
section 31 A, the side face of a piston 32 will turn Into a side face of the piston fixture 31, and the same field. 
Moreover, in this example, the front face is given to the relation top piston fixture 31 of an image processing 
black. 

[0083] Drawin g 14 is the sectional view showing fixing to the rotation stage base 33 of the piston fixture 31. 
The interior of the piston fixture 31 serves as closed-end hole 31 C, and piston fixture set section 33A of the 
stage base 33 is equipped with it by this closed-end hole 31 C. Furthermore, the piston fixture 31 and the 
rotation stage base 33 fix by association with the point of the ball [ which was prepared in the side face of 
the piston fixture 31 ] blunger 34 with which hole 31 D and the rotation stage base 33 are equipped by winning 
popularity. Moreover, the screw is turned off and the rotation stage base 33 and the ball blunger 34 fix 
receptacle hole 33D of the bail blunger 34 and a ball blunger by this. 

[0084] Drawin g 15 is drawing showing the condition that the rotation stage base 33 was equipped with the 
piston fixture 31, drawin g 15 (a) is the top view, and dravyfing 15 (b) Is a right side view. Fixture check shutter 
31 E is prepared in the piston fixture 31. The second stage sensor 59 mentioned above by preparing fixture 
check shutter 31 E can distinguish the class of fixture with the difference of an angle of rotation with the 
home position of the rotation stage base 33. Since the piston fixture 31 has composition doubled with the 
configuration of a piston, it can distinguish the class of set piston 32 by distinguishing the class of piston 
fixture 31. On the other hand, zero check shutter 33E is prepared also in the rotation stage base 33, and the 
home position of the rotation stage base 33 is checked by the first stage sensor 58. He is trying for these 
stage sensors 58 and 59 to detect the location of Shutters 31 E and 33E with the photosensor which is not 
illustrated. 
[0085] 

[Effect of the Invention] Since this invention is constituted as mentioned above and functions, while 
according to this the amendment level calculation section takes out a fixed number of small gradation values 
from the maximum of the gradation value in image data and makes this an upper limit gradation value A fixed 
number of large gradation values are taken out from the minimum value of the gradation value in image data, 
and this is made into a lower limit gradation value. Further the data modification section Since the image data 
concerned is changed so that it may become the gradation of the predetermined number which the data- 
processing section requires In the range from the upper limit gradation value concerned to a lower limit 
gradation value, for example, 256 gradation, change of the lightness in image data can be emphasized, and 
change of halftone can be made clear. And in order that the data-processing section may perform wear of a 
piston, and evaluation of dirt based on the image data as which change of lightness was emphasized with a 
data correction means, evaluation precision Improves by leaps and bounds. Moreover, in order for the 
amendment level calculation section to compute amendment level based on the inputted image data, 
amendment according to an image pick-up environment and the picturized configuration of a piston can be 
performed automatically, therefore it is not necessary to set up a correction factor beforehand. Thus, the 
outstanding piston surface evaluation equipment which is not in the former which can amend suitable 
lightness according to an image pick-up environment or the configuration of a piston can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of 1 operation gestalt of this invention. 
[Drawing 2] It is the block diagram showing the configuration of the data correction means shown in drawing 
1 . 

[Drayying_3] It is the explanatory view showing an example of hit evaluation processing of the piston by the 
data-processing means shown in drawin g 1 . 

[Dra win g 4] It is drawing showing the example amended by the configuration which is an explanatory view for 
explaining data-correction processing with a configuration of having been shown in draw ing 1 and d r awing 2 , 
and drawin g 4 (A) was drawing showing the histogram of image data inputted from the data input means which 
picturized the whitish piston, and drawin g 4 (B) is drawing showing the example which amended the image 
data by the conventional technique, and showed dra wing 4 (0) to drawin g 2 . 

[Drawing 5] With the explanatory view showing the example which amended image data by the configuration 
shown in dr aw ing 2 , drawin g 5 (A) is drawing showing the histogram of image data inputted from the data 
input means which picturized the blackish piston. It is drawing in which drawin g 5 's (B's)'s being drawing 
showing the example which amended the image data, and showing an example in case it is drawing showing 
the histogram of the image data at the time of offsetting drawin g 5 (C) by diaphragm, and it is drawing 
showing the example for which drayying^ (D) amended the image data and drawing 5 (E) has a noise. 
[Prayying^] It is the block diagram showing a configuration in case the piston surface evaluation equipment 
shown in dr awin g 1 amends color picture data. 

[Drayving 7] It is the explanatory view showing an example in the case of amending color picture data with the 
configuration shown in drayving 6 , and drawing 7 (A) - (C) is drawing showing the histogram of the image data 
of each RGB, and drawin g 7 (D) - (E) is drawing showing an example at the time of amending them with the 
configuration shown in drawin g 6 . 

[Dr awin g 8] It is the block diagram showing the configuration of piston surface evaluation equipment. 
[Drawing 9] It is the block diagram showing the detail configuration of the data input section shown in drawin g 
8 . 

[Drayying 10] It is the block diagram showing the detail configuration of the stage control section shown in 
drawin g 8 . 

[Drawing 1 1] It is the side elevation showing the configuration of the piston image pick-up section shown in 

drayying 8 . 

[Drawing 12] It is the top view of the piston image pick-up section shown in drawin g 1 1 . 

[Drawing 13] It is the sectional view showing the condition of having installed the piston in the piston fixture 

shown in drawing 1 1 . 

[PrayvingJ 4] It is the sectional view showing the condition of equipping the rotation stage base with the 
piston fixture shown in drawing 1 1 . 

[Drawing 15] It is drawing showing the condition that the rotation stage base was equipped with the piston 

fixture shown in drawing 1 J . and drayying 11 (a) is the top view, and drawing 11 (b) is a right side view. 

[Drawing 1 6] It is the explanatory view showing the technique of amending the lightness change according to 
the location of the conventional CCD sensor component. 

[Dravyjng 17] It is drawing showing an example at the time of amending the image data which picturized the 
whitish piston by the conventional technique, and drawin g 17 (A) is drawing showing the histogram of image 
data inputted from the data input means, and drawin g 1 7 (B) is drawing showing the data after the 
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amendment. 

[Drawmg. 18] It is drawing showing an example at the time of amending ************ which picturized the 
blackish piston by the conventional technique, and drawing 1 8 (A) is drawing showing the histogram of image 
data inputted from the data input means, and drawing 18 (B) is drawing showing the data after the 
amendment. 

[Drawing 1 9 ] It is drawing showing an example at the time of amending the image data which offset and 
picturized the blackish piston by the diaphragm by the conventional technique, and dr a wing 1 7 (A) is drawing 
showing the histogram of image data inputted from the data input means, and drawin g 17 (B) is drawing 
showing the data after the amendment. 
[Description of Notations] 

1 Data Input Means 

1 A Color picture input section 

2 Data-Processing Means 
10 Data Correction Means 

12 Histogram Calculation Section 

14 Amendment Level Calculation Section 

14B Common amendment level calculation function 

16 Data Modification Section 

1 60 It is uniformly a modification function. 

</SD0> 
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evi:tCS':JV^T. 4 0 9 6|5gl)|;i^b2 5 epglS'^'Stfei- 

[0 0 4 0] B_levjoJ;t>*W_levfi^|^(^^i9iZ. 
A.fcT-^*^b*J65/c*, *HijtC*fcrfcofcBlack 
fcitHhiteirfimJtff? (1114 (B) , ^-^^ 

[0 0 4 1] HotSv^hf;^ V^y!(i,^xm^Xiry^iv V 

Lfcmo(^V^t•;^ b V6Om-&O0iiJS:El5 (A) ~ (D) 
[0 0 4 21 ^'5ii*nfcx-iS'c7:)S;/^fltfc<ttJ« 

^cO^Siii^f^-^?^ LTB_lev:}oJ;tH_lev^; LTL* 
-Ctt Trnj fc=ttJ5 Fnj J: U-<y^^^i^)TV^?) 
(E) \z.7r^ir^o\^. /-f XsiS^Cfc^^-C'fco-C 

[0 0 4 3] ^fc. f;^ hV-OMMTIi, tfrp^0^g[ 



*±iSPgM (W_lev) d^f^TSP^Hfil (B_lev) ^T'(^© 

[0 0 3 3] rti?ri^iNflJcrai-So 
[0 0 3 4] ;*:^»ST'«, h ^-iD^fc <9 (» 

^ (DATA) (DWi^^7r^-fm&(n>mm^%-i\^x. Y 
[0 0 3 5] ^rx-tt. rtDiS^x-^ (DATA) (c:J:-5 
HI 5 {OT^i-J; 0 M^tLfcx-^^oft/hcDPgf^ffl^S^ 

fjn<@@roM^(7DP^Su-<;u (B_lev) ^.Xm^h 
m{igOi®^WBJgU-</U (W_lev) <^ 75^ f^T-^' 
iE-rSo liiE^'</i^^ai^l 4(i, t;^ h/7ixC7:):t;»q 
fit (max) d^fe-^M (m<®) (DW^Sr^X.. ±« 
TO (W_lev) Sr»|±l-r5<, rro-^Mtt, El 4 

(A) ^'^^y^>'^•X?^L-CV^5g|55^-C$>Sa l^^l-, 
ft/J^fil (min) (nj®) OH^^fh^LT 

TSP^i^fi (B_iev) ^^^-rsc 

20 [0 0 3 6] 7^-^^jEa5l 6(i, rtLPjCD0^^U-</U 
(CS-:5V^T. ^kiC (2) 
[0 0 3 7] 
B_lev) XHosei[n]/Base2 ... ^ (2) 

[ 0 0 4 4] B_lev^^J65 TnJ , W_lev>|r^i6S 
30 W^?'-r-^$';/i5' l^Vv^fi^TI-So wtLjC>Pl-L. m, n 
[0 0 4 51 Z(D2:o\^. WiLhfi7'-^(hyi7.Yif 

7i>«S:ft^L. ^(Df-'^ii^^xn, nl^i iJB.lev, W_l 

x.^mmzjm.-th^k-h^x^. L^o^t,, f?«ftsc^fRi 

40 roafii^t/j^SB.Iev, W_lev, Base2(D#{il{l[S] C^if Xfe 

[0 0 4 6] ^ic. r^tiWfifiwm^^esjfcu^B^-ra^ 

[0 0 4 7] JiiliLfc^?!j-e{l, =^ J ^ U7'—^\^^\^X 
50 5rSfiLTL*^c 
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10 0 4 8] ro/c*. -^mmmmx'ii. m {r) , m 

(G) , W (B) (7)\i7.hi^yJ^^n^1!3y~v'-'$'\Z 

[0 0 4 9] Ill6(i;<7 7-7"-^(7)K^^T^1#^.^^ 

m^Bi^ Lfcll^x-^ ?rRG BgiJtz:tt5;'3l-S;«7 
^A;t)gi51 ASrffix., miEl^^/i-WWl 4tK RGB 10 

^m-r5*MiEU-^/U»ttia^l 4B^{i;t. 

[00 5 0] mutmeic^^ Ltzm^X(D:fj y-^-^ 
WE(r>-m-^yT^-tmx-^^, m \z.7r-^ tiy~ 

{^:T^tfc^JT'(i. mmtzib. R, G, B(7)|iii;:0^;5^^ 

T^-^f^LTfcSo ^(Dfz^. mi (C) (C^-Tctp 20 

(B) O-r-^'f'iCg'b^qSV^pgl^^^iJ^^tL-C 
i^Sfc*, *iiffiiE^-<yua[ffi^tgl 4Bf±. W (B) 

<0T-i?d^c,±4sPim (w_iev) ^»m-rso 

^tlltV^7^-^5'{4§^ (R) {C-^*ixTV>6:fefe, 

lEu^fVW-mm.m\ (R) (Dx-;$';5^?,T« 

mmm (B_iev) ^gw-r^c, 

[0 0 5 1] -W^^mm 1 6 Ctt, ' CO^i^ 

±iispgM (w_iev) tsxxfr^mmm (B_iev) tcs^ 

ib. tiy~y<y>'y^t:mt^'t6^t:^j:<mmm\:^^ 30 

[0 0 5 2] ^tz. m^.<D\i°:^ h^mmximmim^ 
^m^x ^u-^(D^i>^\,^tz>^^ mmm(D^oiz^^ 

[0 0 5 3] ±iiLtzXo\L^mmii^m\^x^t. w 

<D}::y.hifyJ^t^^miEmm^^ibX\^^^(OX\ "f-^ 

[0 0 5 4] '(JfeoT, MM^^/^'frBra-^cOx-iJ'ffi 
5» 

[0 0 5 51 h >mmmmm.<r>±wmmc 

ttlgSLfc4#Bi¥7-0 7 8 2 4 9 #l;:f5® Lfc^BJ <bli!t 
SflIWHiT'fo5= 118t::^-r^^jT'tt, ^-^m^^^r 
0(i, CPUl 9(7)-1itgi: LTHJS^nSo 50 
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[0 0 5 6] HI 8 h ^^ffiff^afigS(7)/^- K^'^ 

#^ifi, f;^ h^-^a^i-at'^^ h>mg|5 2 2 ^. 
r (Z) b°>^ h yMgp 2 2 v h 

- ^J' ?r-B#^ L fc^-r - ^ ^a^lS 2 A;^-r 5 
x-i5'A;^)Sl52 ^h^miLX^-^^, 
[0 0 5 7] F>^g^*^2 2(i, h^-a 2/5^f> 

3 2^[llte^-fr5lll^;^x--i^'<— :^ 3 3 i:, ^(DlHji^ 

7.7^-v=-i-7. 3 3 ^mummt^mi.:^y-~'m^~ 

^3 5^^{i;tTV^S<, 

[0 0 5 8] >^-r-v?=J> hP-/U^2 1 {t, Efe^x 
3 Srolljf^^^J^-rs^-^' K7-r^<5 6 
CCD-feyi^-3 8?rigi!)0J^LTjt®'^m$tLfdt 
■^?r-r-^A;'3lf|5 2 otctb;'3t--5CCD K^-r^^e i <t 

t::^ X.Xy'-^Vm^^ 2 /i^^(^IIIi^W*^-S'^V^T f 
^ h ymk\c^-^fz^^^1z\mU7^y—'y-<~-^ 3 3 

[0 0 5 9] x-i?A;tlg|5 2 Ofi. CCD Kv-r/< 6 1 

ti-f 2)7<^U 2 8 i:^{i;iTV^5„ 2 8tt, -ji 

'Ji<Df—'9^%nX^-^^b\^Ay\.\> y t ei^SRAM 
i: LTV ^2.0 -J^^y 2 SIc^&^^tLfcf;^ h^filEco® 

^tLWflSSrff ^ x-^^t!LS¥S 2 /i^ibT iJ'-feP^ ^tL^So 
[0 0 6 0] x-^'^a^lS2fi, /fc^MT'd. 

y^/U=l>t°:i-^' (PC) i^-r>^7:n-XfflC0P I 

yy7) t^mMz^m^hfii^, SlfifeirLTfi. r 

^^^T-t-5>cpu 1 MTM(r>^m%\y^<DXt^^ 

S(tf^tt5A;^^F|3 2 5 <t^ii^TV^-5„ 

2 (^«iSB#Pb1(±. PC(D^stg;^j{-J;oTM^^ac 

[0 0 6 1] S/c, r'-^Ma^S2T'tTofct'';^ 

'm:bfii^. w(^fF«i^lP:fctl;^¥S3fi. fP«M«<07^ 

\W^\.X^<fz^(Dy' 2 6l^ttfe>!r;'<ft,(D;5S^;t 

<btL^.o crX'tt, mmrf—9-h^i^^\i^:Lhtz^. iiS 

[0 0 6 2] W«mcDtB;^t-oVN-c. M<?5;^^tb;^j 
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[0 0 6 3] m9iiy'-'^A:h^2 o(Dmm!$.^^^-r 

Z^uy^mX^^, x-i?A;'3lfP2 Oft, CCDK^'l' 

GBm(DTi-a^in^i:^tl^'tli$f^ir^Tyy (AM 
P) 50 P I O 2 375»bWMODEis#&U!REQ 
<f#M-^</^-CT>7°5 0;6^ibor-f D^ft-^(0|iS;'3$r 10 
m<0m^<b^^\^^yi^^-^5 1 k^m^x^^?>, 

[0 0 6 4] T-^A;'jgP2 Oti, r(7)-r^P^ 

RAMS 4^, A/Dzil^y^—? 2 9t>hmtl^n^7' 
-^§rEiii-5l^o^g^RAM5 4(DT Ku;^$rit:^-t- 
6T Klx^;{7-?yi? 5 3 #BUS. CTLm^izm 
<i\^^XRAM5 4^(DT^±7.m^mmi-^y<^=iyh 

5 5 ^:^§r^ixTV^5„ *^Mfi)T-fi, RAMS 4 20 
^it^<DTi7±y^m(0Wi^i^m^\'^XP I 02 3S.t>*A 

[ 0 0 6 S 1 <^#ffi-i-iJ^Ott1tfil^iT<?)ii *3 Xh 

MODE: ^(7)r-i?A;':^i&l ttt:°y; h:/CD^fc9 
Mis i WtLWiffif^ffl I ^ b ix § i Tfe o T 1/ ^ S 

■h. mtlWm^i^lt. •r-i^^^jZr^'^R^G-^B-^R 

7'l'>'5)-t7:>7^-^SrA/D:2>'/^-^ 2 9-^3^5„ :^ 30 
fc, ^/cDWmiCfl, RcD{t-^^RtG(^5^Jt, R^ 
G^R->---(7)|Iil^CCD-fe:/-9-3 8t>h(DiB^^m^m 
13. 1 7-r ^WODDi:EVEN<Dr-^'SrA/D=J>' 

/^-^^ 2 9{ciii5o ^tib<D^<Dmwim^xh^o 

(L : H : 

[00661 #BUS. CTL: p«^!Jj}^-K28± 
O R AM S 4 --COl^t ^2i;^^S:I>'|ju^jZi^C0T -fe 

^«IT'ffl/\ RAMS 4--OX— ^'(Z)##3i;9^fc:oV>T 

MBtdfl, RAMS 4 {tr'-'}'At)^^l t\-i^^m 

^lkxy^^^\h^'^(Di^mx'f—'?-^(DTi7-^:^^Vi0o 
(L : y'~-^Xtl^m. 1 ;65R AMS 4 iSr^Ji^, H : x- 

^ 2 ;65 R AM 5 4 $rf&J«^) 

[0 0 6 7] DATA: f—'^y^T.X. 1 6 b i t <^ 

ADR: TKu;^/'<;^T\ 4 M b y t e — T K 

^^Sr&9/ci6(i, 24b i t^M-r-So 

STAT: A/r>mk(omfi'¥. n-^mti^^o 50 
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REQ : m-^^. H^it|;^-r5o 
DIR: Y>C{%ii>hRAU^(D'f—'^(DT^-^7.-)5m 
-Ir^^l- So (H : ^^i^iZi^. L : m^ih^) o 
R/W: VCmt^hRAU-^(D'f~-'$'(Om^Th^(0-$' 
^^>^S:^-f. (L : S^ji^rjS*&-e, ^WFbIICID 
ATA^.##iAti>) 
[0 0 6 8] mi 0(l7.x-v==3^ }.n-/ug|5 2 1 CDp 

K^-r^^se,!:, ccD-feyf-3 s^SglljWrscc 

D K7'1'/^6 1 i:=S:<ix.TV^5o ^— ^ V'y^y<5 6 
[0 0 6 9] PLUS: y t°>;/^-^ (D1h]^/> 

DEF: lHl^::i^iPi^m^i-5o 
H. OFF: ^-^W±'l^(OnM^l3yV-r^. 
TIM: ^—^(O^^^y^mtim^o 
O. H : htt};t,ft-^„ 
[0 0 7 0] CCDKy^^^eitt. CCDir>'f-3 8 
"^gaBtP^^^MI-S ^-a-IC L A T C Hft^^ffl 1/ ^T V> 
So (L : Mii) 

[00 7 1] t.tz, :^-r-v?='^ ha— yl^|f(52 1 li, [hI 

i^±i^^5 8t. h 3 1 (Dum^mi-r 
[0 0 7 2] 1^ 1 1 it:!ifimmm\^^^ ^-^ v >mm^ 2 

2(Dfl|^^^t-]Effi|g-efe5o \^°:^Vi^WiiMiU2 2\t. 

t°;^ h>3 2(Dmm^^iii-^n^h':^ h>m^mM.3 1 

v?'<-^3 3i:, :i(OlHliK;^x-v'^-x3 S^rHIte^ 
liJifSlH!^;^^-':^^^-;? 3 s U':/X3 7^it>*c 

CDir>f-3 8 $r^1-5;<7 7t 7 3 6 <b, rco;<7^^36 
7)^bt°P^ h^@^?&:i.3 1 Kmm^thfzif^ hy3 2t. 

x(Dmm^mm-r^itLm.mm'y^y h4 1 i:^{i;iTv^ 

So 

[0 0 7 3] t/6^t>, ;«7 ^ 7 3 6 ^ t:°>?. h ^'S^?^^ 3 
lffiiJ(-f+^i-S:<7^7ffl?|o3gi9^<;^3 9^, 
v'-^^ h4 l<7)tf;^ hi^@^?&=R3 mijl^fiigt^^f 

:^ h>'®^f&:ir3 i\c^m-r^m^^U4o t^mK.x 
3 icDt°^ h^^i^gi5 3 1 Bmm^^mi-^^mm-<T 

[0 0 74] HI 1 2 flig 1 llC:^ Lfc fc°>^ h >»^gP 2 
2(0«^^7j^-r^®iaT'feSo ;<7^7 3 6f4, ^~:^4 
3±(DPsy4h'l—J\^4 2±\ZitLWLXio'0. ti;^yM 

^\^m.^y<^-3 9icj;o-cfc''^ h:^3 2m imi2(Dm 
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[0 0 7 5] ;«7p<7 3 6(Dk°;^ h:/^S;a^f3(^»{j:t° 

J; 9 f;^ ^ >'fij (m 1 2 -§-A:^fR]) i^m^mbtix 

aa^tfl-f^ H^-S 2;iSlHlifeL-C'b^ h >'ia 10 
^ic, b°;^ h>3 2(7)ii:^/55^^:>or'b, 

f&:ar3 1 ^riffe'tet"^ hy3 2<DE^t;jt:;Dfcto(^^ 

Jft-rSwir-Cf;^ h^32i:;&;^73 6 i:(D^1i7)8g|||^ 

10 0 7 6] ;«7 7< 7 3 6lCfi, h>'3 lOSJj-^fR] 

n-;/i:'-tS;(7^7a>yi?^^i3 0^S|5«tf3tlTl/>5o 
^Jfi^jT'li, ;^7> 7ffl?|o?I(9/^^> 3 9(^J; I9;!7^ 7 3 20 

y3 2 tmiMi-r^tztbiz fx h ym^^Mc 3 1 ^^m-r 

(i. ;^p<7 3 6=^^;fy (Hi 2q=>(7)f?-^B:^[^) {^Ttf 

yi'mm3oxh^. 

[0 0 7 71 7<DD s/^^1i3 Otl. Hi i^OT 

^ti/c¥S-efc5 y >'i5'ffiM4 7 1. mmmmi^x so 

6tC{ttgSLTlH]^-tS|El$ii7°U— S4 8 i:. ^(^lEjiST" 
t'-h4 SlCiiiiLTy >'^1^P^F13 4 7^m^-s;^i!i$ 
■ltS¥^g4 7Bi:Srii;tTi>5„ 
[0 0 7 81 LiO^'b. liliKT'u- h4 8til±, 
7>v?-r4 9(7D^ft/v:4 8 A, 4 8 B ;05^tL^*tL^Jt ^ 
HTV^So wCO/K— yL/y^^v'-V 4 9(Dg:l-t>A:4 8 A, 
4 8B«. 7 3 6C0D 5/i?filij^t>'t°X h^/ji^q^ 

[0 0 7 91 h :/a'J^Bf (fx h :^{RiJffi<^S^®^ 40 
(75MBf) {Cft. UlteT'U- N4 8(i7K-^U7'7>'v?-t 
4 9t^J;oTStt5t4 8 A(^{4ST-!S^^nTI/^5o C 
(^t^. ;<7^736{±, f X h^3 2(7)jfig(cfJ:;C/cf 

X hyia^?&^3 l(7)i^^^cii9^(75^®(lB^I^LTv^ 

So L;5»L. y >'^MlF15 4 7(7)i®T>'g|5^4 7A(iii9 

3 9 Rt>'{4®p^v'i' 7 h4llcj;i9*7< 7f5®^5 

[0 0 8 0] L/6^L, fx H>[a^f^e,3 1 ^^^1-5 
I^JCfi. U:^y^m\2 (7>#^B (D;^ip]-.Ttf T*5>0^;ta 50 
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4 8€rlll 2^(D??r^Fco:^lp]-^lil^^-^, §tt:;^4 8 

BT-/}?-/uy7yv^-t 4 9 h'k'^'^^-Z.hxm^-f^— 

h48^ay^-r^, i-^t. ^?^y3 6avyi:^mm 

4 7^^LXmi 2'P<Dn^B(D:^J^-^mmi.. 
miy^ 7 h 4 1 i: f X h >'SI^?&fl.3 1 t(Dmmi!>^!j:^^ 

[0 0 8 1] mi 3fifX b>'3 2;J5fX h ^[g^f^^ 

3 iiz.mm^titzmm^^i-mmmxhi>. fx h^^s 

3 1 Jl, @^i-S f X h V 3 2 t l^^-CRtSi^^<^ 

f X h ^'^i^^ 3 1 B a; , fx hv:£it|H5 3 1 Bro-ffi 
WamtfX hycDi^^^gltf^ttSf X hy-ty 
3 1 Ai:?r{ix.TV^5„ f X h V^i^|fP3 1 Bfi, 
E^/i^li^Lj; 9 ir-rSf X h^-s 2 ctjH^ t [W]- 

[0 0 8 2] Hi 3tt3{Sig^{iex h>3 2^7]^LT*J 
t), fx H^S 2;55fx hy-fr-;/ Mf|5 3 1 Alc^K^ti 

5 i: , f X h 3 2 <Dfti|ffifi fx h 3 1 

#±fx H:^@^f&:i.3 ntmm^m^\m^tix\^^ 

So 

[0 0 8 3] Hi 4fif X hym^^M:3 1 roiEltex-r 
-v?-<-x 3 3 -^©@^Sr.T^-r»f®HT-foSo fx h y 
m^mMc3 lCD^M^^-^3 lCtfj:^X\^^X. Z(D 
^&'K3 1 CICioTXx — X 3 3(Df X h>@ 
^f&:ir-try ha53 3Atci3|^$tbSJ;^(^/£oTV>So 

$ b ic. fx h ym-^m^ 3 1 (Dfijat^istt f^tifcgft 

5a: 3 lDi{H]ifeXx-i:^^-X3 3l^i^^$tLS*'-/P 
:3^7Vv^ir3 4©5tffl^fP^(^^S-g^[cJ;oT. fxh^'S 
■&f^^3 1 ,b[Hltexx-v^'<-X3 3 kt^Wi^^^^, 
t.tzs ^~/^':fyy-y^ 3 4SI>**"— /i'7'7^^v?-y(^S 
(t:^3 3Bit^^yi)mhtixi6io ^ rndJioTiHi^x 
x-v?^-x3 3 i:/j<-/uy7:/v^ 3 4 

So 

[0 0 8 4] Hi 5f4fx Vym-^^MrS l^iiH^Xx 

-v'-i-x 3 3 \zmm^titzitkm^^^i-mx\ his 

(a) i-t^(D^mmx\ His (b) ti;&fii|®HT*fe 

So fx h>@^f&;^3 1 •y^J' 3 1 

Etmnhtixi^^o ^Mcmm-y^ -y^ 3 ie visits 

H^^itiLyc||-xx-v^ir:^i^5 9{ilH]i^xx— 
^:^'<-:=^ 3 3 oM^{S:Si:(^lHlife^^o||T-?&:B:<^@SSr 
WJ-rs C <!: ;i5T'§ So f h 3 1 {if x h 

y(Dm^\^^^^tzmf^tf£^x\^^^tztb^ fxH:/@ 
3 1 (omm^mi-r^ ztx\ ^yh vtz fx h 

>3 2rom^^WJ-rSr.b;6ST'tS„ iHli^Xx 
-v^-^-X 3 3 {Ctl^^.flliJv'^ y^3 3 E7jS^fte>tL 
TV^T. Xx-v^-fe^^f-5 8-ClHl^Xx— v'^—X 
3 3(^l^,<^.M«|g-t-Sct 5 l-^=Co-CV^So rtL?>X 
8, 5 9(S. H^b/of^^^iryf-tilio 
-C->-yyi? 3 1 E, 3 SEOfiLg^^^^ffi-rSi^lCLT 
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(0 0 8 51 

fiitos/j«^ v^iigpf^s^© 19 m LT 

wmzit cxmm^£mm<DmiE^n ^^t a-^x^^v^m 

11112] l2Iit^^Lfcx-^ffijE^S©fil^<Sr^1-yD 
112131 mn:i^Ltz7'-'$'^m^^i:iX^t';^h>(D 

^tz^ mmfi}^m<D-m^mirmmmxh<^o so 
111141 miRxj^m2\L7r^\^tzmf^x(Dv'~-'^miE^m 
i:^mirifzisb<Dmmmx\ m4 (a) (±fio{Sv^t°x 

^(DfcJ^ hi/^ASr^-rUlT?, 1114 (B) tt^OiS^x 
-^i^tie*¥fe{c:J;'5^iIELfc««J^^i-|lI-C% Il4 

(c) (tm2iz^^Ltzmf^\^x'omiELtzm^^i-mx 

[HIS] lll2{^^Lfc«(^J;i9jii^7^-^^MiEU/c 

t^ysr^-rift^qniT, His (a) ttmofSv^e;^ h:/^&m 

hi^yj>^^^irmx\ ms (B) (i^M^x-^'^r*! 
aELfcfil-^^-riHT'. IDS (C) ti^ "9 t?:^>'-tr 5/ h L 
fc^^WiS^T^-^Ot;^ h^^7A^^i-lllT% 1115 

(D) \t^(Dmm7'-'^ i:m^Ltzm^^^-rmx\ ma 
[He] mnc^Ltzt°7.h>mmmmmwx:f3y-m 

[1171 lll6(c^Lfc:«^T';!7 7-H^7^-i5'iSrtei- 
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^m^(D-m^^^-rmmx\ mi (a) ~ (o hr 

1117 (D) ~ (E) it^tlh^:m6\C7r^-rm^xmiEL 

tz^^co-m^TF^i-mxh^. 

[US] t°;^ h^^®f?«Ec7)1t^?r,T^-t-^p :y^[l 
[1219] m8\L7jk^tzT-^A:bU(Dmmmfi^^7r^i-y' 

[UllOl |ll8I^^Lfc^x-v?='^ho-/U^(Dpimi 
[mill m 8 L/C b°;^ h ym^W^fife^^-fftil 
[|gl2l lai llC;^Lfct:°;^ hva^gpo^sm-cfc 

So 

[in 1 3 ] in 1 1 (;i.T^ L/i h >l§^f&:i:lc: t";?; h 1/ 

^mwLfz^m^Tv^-rmmmxh^, 

[11114] lai It-^Uyhf;^ h>@^f&^^SrIa]^;^x 

-^y^-:^\m^-f^^m^^^-tmmwixh^. 

[mis] nil 1 I^^Lfct";^ 

(a) \-t^<DW-'^mx\ mil (b) {-t^mmmxh 
[iai 61 tif5l5(^ccD-feyi^m^^(7){ugi;i)Si:fcM 
[017] eol^v^t°;^ h^Srit^LfclH^x-^'^t^ 

5t5ro¥&i-i'9MiELfc#-a'<7)-^j^^^iiiT'fc^. HI 

17 (a) ^ty'-'^Kti^WLt^hKll^ixfzm'iky'-^ 
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